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Ultm compact iUumination qystem fcxr display systems 



The present invention relates to an illumination system comprising a light 

guide having an entrance fece, an exit fece and an aperture in which a light source 
arranged 



Light sources comprising LEDs (Light Emitting Diodes) are designed to 
produce hi£^er and higher light ou^uts. It is envisaged fliat LED Ughl sources wiD be used in 
projection systems, ranging fiom low power mobile applications (like micro beameis in 
ceUular phones) to q)plications d«t require several hundreds to Aousand^ 

disadvantage of LED Kght sources is Aat the MaJrt is generated in a semiconductor mal^ 

h8vii« a very higji refi«ctive index, resulting in die feet that the light flom fl^ 
emitted in aU directions. 

In recent years, developments relating to U^t recycling methods in optical 
systems comprising rod-type light guides have increased. Future light guide systems might 
lead to very compact iUumination systems, and may therefore be suited for uhm compact 
projection systems. The physical length and weight of the rod^type Hght guide is determined 
by die maximum angular distribution of the light beam in the hght guide. The length of the 
rod-type Hght guide need to be long enough, such that the Ught beams in the light guide win 
be reflected against the inner surfece of die guide a sufBcient number of times to obtain a 
homogeneous iUumination at tiie exit fece of die Ught guide. Light beams entering die rod- 
type Hght guide, and havmg a smaU angle wifli reqiect to die optical axis of die guide, need 
to travel a longer distance before diey evenly can iUummate die end fece of die fi^t ^de, 
i.e. die Ught guide must be sufBdendy long for uniform mummation to be possible. 

US patent no. 6,547,400 discloses a Ught source device comprising a Ught 

guide block diat is provided widi an hmer waU c^le of reflecting Hght and is sh^ed as a 
hoUow component to form a Ught guide, and a pomt Ught source array diat is located 
opposite one end fece of die Ught guide block and is c^ble of emitting Hght into die Hght 
guide. In die patent, it is described diat Hght emitted fiom die area near die center of die Ught 
source array, die Hght source array comprismg of a phiraUty of LEDs, is submitted dirough 
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die exit face of the light guide without bexDg reflected from the reflective inner surfeces of 
the light guide. 

A problem wiA US patent no. 6,547,400 is that the light guide must be 
sufficiently long for unifonn iUumination to be possible at the exit surface of the guide. Due 
5 to this fiurt,flieUght guide becomes bulky, which is fundamentdlyincomp 

trend towards smaller, lighter and more conq;>act projectors. 



It is an object of the present invention to solve the above given problem and 
10 provide an illumination system being snMiU,Ught and compact and whi<A system provi^ 

homogeneous illumination and high optical efficiency. 

This object is achieved by an illumination system comprising a light guide 
havmg an entrance fece, an exit fece and an aperture in which a light source can be arranged 
m accordance wifli chum 1 . Preferred embodiments are defined by the dependent claims. 
15 According to an aspect of the invention, a light reflective structure is arranged 

in proximity to flie li^ guide entrance fece, Hm Hght reflective structure bemg arranged with 
an aperture m which Hbe light source can be fitted. Further, a first light refiactive stnicture is 
arranged in proxhnity to flie light guide exit fece. In the first light refiactive structure, at least 
a subset of Kght beams of a first angular interval with respect to Ae q?tical axis of the syto 

20 is reftactedto iUnnunate flie Hght guide exit fece, and at least a subset of Hght beams of a 
second angular mterval with respect to said optical axis is reflected to be recycled in flie Hght 
guide. 

The idea of the present invention is that various elements are arranged in the 
light guide to mcrease the angle of Hght beams hiddent m flie Hght guide with respect to Ae 

25 optical axis of the system and to create a homogeneous illumination at the exit fece of the 
Hght guide. A Hght reflective structure is arranged in proximity to the Hght guide entrance 
fece, and the reflective structure is arranged wifli an aperture in which the Hght source, 
m the fiwm of e.g. a LED, a laser or a gas discharge lamp, can be fitted. A first Hght 
refiactive stracture is arranged m proxhnity to the Hght guide exit face, in which first Hght 

30 refiactive stractare at least a subset of Hght beams of a first angular interval, with respect to 
the optical axis, is refracted to iHummate file Ui^rt guide exit fiice. The first angul^ 
defined as the angular mterval startmg firan the mhrimum angle that a Hg^it beam must have, 
wifii respect flie optical axis, to be transmitted through the first refiactive structure, vp to 90°, 
which of course is fiie largest angle a Hght beam can have m order to indde on a stractare 
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coaxial with the optical axis. FtuHier, in the first light lefiactive structure, at least a subset of 
Ught beams of a second angular intenfal witib reqsect to 

recycled in die light guide. The second angular interval is defined as the angular interval 
starting from 0° up to the maximum angle tbat a light beam can have, widi resfpect the optical 
5 axis, and still be reflected in the first refiractive structure. The LED light beams pertaining to 
the first angular interval, i.e. light beams of a relatively ''large** angle with respect to die 
optical axis, will be transmitted through the first refisctive structure and illuminate the exit 
face of die light guide. The LED light beams pertaining to the second angular interval, i.e. 
light beams of a ''small*' angle with respect to the optical axis, will be refiected in the first 

10 refiactive stracture and, subsequenfly, recycled in tiie lig^t guide. The light beams reflected 
in the first refiactive stracture will incide on the light reflective structure at the entrance ftce 
of die lig^t guide and, tiius, be reflected against this ligjit reflective structure and the surfiu^ 
of the LED itself These light beams will eventually reach the first angular interval and thus 
be transmitted through the first refiactive stracture. 

15 The present invention is advantageous, since the claimed iUumination system . 

decreases die length of a given light guide, making the illumination s^^stem smaller, lighter 
and more compact with even illumination and a high optical efiBciency. The first refiactive 
structure, being for exanople a film with aprism stracture, has the advantage that the length of 
fixe light guide drastically can be reduced. This is due to die fact that the distance tiiat the 

20 light beams of the first angular interval will have to travel to make a sufficient number of 
round trips in the light guide, to obtain an even illumination at the light guide exit &ce, will 
be substantially reduced The reduction of die light guide size is extremely important for 
micro projectors, mobile phone qyplications and other s^lications requiring as small 
components as possible. Further, the light reflective stracture, being e.g. a mirror, will see to 

25 it diat fight beams first reflected in die prism subsequentfywm muTor and 

eventually reach the first angular interval and thus be transmitted dirough the imsm. This 
will, sqpartfixmi providing even illumination, result in elective light recycling. 

According to an embodiment of the invention, a light diflfasnig element is 
arranged betwera the light refiective stracture and the first light refi:active stracture to alter 

30 the angle of li^t beams incident on said diffusing element with respect to the optical axis. 
This embodiment has the advantage that the angle of the light beams with respect to the 
optical axis of the system will be increased. The light beams of the second angular interval 
will reach the first angular interval in a fewer number of round trQ)s. This is a result of the 
fact that the distance that the light beams pertaining to the second angular interval will have 
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to travel to make a sufficient number of round trips in die light guide, to obtain an even 
illumination at the light guide exit fiice, will be reduced The result is that die size of the light 
guide itself can be reduced. 

AccOTding to anotiier embodiment of the invention, a reflective polarizer is 

S arrange in proximity to die light guide exit bee to transmit light beams of a first polarization 
mode and reflect light beams of a second polarization mode. 

Pursuant to yet another embodiment of the present invention, a polarization 
converting element is arranged in the light guide, for example on tiie mirror at the entrance 
face, to alter the polarization mode of light beams mcident on the polarization converting 

10 element This has the advantage tiiat the polarization converting element will alter the 

polarization mode of the light beams reflected in the reflective polarizer, i.e. the light beams 
of the second polarization mode, such that these lig^t beams will adopt the first polarization 
mode. The effect will be lliat these light beams, now having the first polarization mode, will 
be transmitted through the reflective polarizer. 

IS In accordance with a further embodiment of the invention, a second U 

refiactmg structure being for exarnple a film with a prism structure, is arranged in proximity 
to the lig^t guide entrance &ce to increase the angle of light beams refiacted in said S6c<md 
lig^ refracting structure with respect to the optical axis. This embodiment has die advantage 
that, since incident light beams of tiie second angular interval is r eir acte d in the second light 

20 refiracting stracture and the refracted light beams will be of the first angular interval, the light 
beams of the second angular interval passing through the second light refracting structure 
will reach the first angular interval at an early stage in the light guide. Thus, the size of the 
light guide will be reduced. 

According to yet further enibodiments of the invention, the light guide is 

25 arranged with a plurality of apertures, wherein a light source can be arranged in each aperture 
and a dichroic coating adapted to the sfpectral properties of the respective light source is 
arranged in each aperture. This embodiment has the advantage that the light beams having 
the spectral properties adapted to each dichroic coating will pass the entrance fice mirror, i.e. 
the light reflective structure, and light beams having other spectral properties is reflected. 

30 This allows multiple LEDs of different colors to be coupled to the illumination system, for 
exaniple one red LED, one green LED and one blue LED. 

Further features of, and advantages witii, the present invention will become 
i^arent when studying the fended claims and the following description. Those skilled in 
the art realize that different features of the present invention can be combined to create 
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embodiments other iban those described hi the foUowhig. Many difBnent alterations, 
modifications and combfaiations will become appanat for those skilled m the art Aftemative 
embodiments mig^ for instance use laser light sources or gas discharge lamps. 

5 

The piefened embodiments of the present mvention will be described m more 
detail with reference made to the attached drawings, in which: 

Fig. 1 shows a prior art optical system comprismg a rod-type li^t guide; 

Fig. 2 shows aprindpal diagram of how Iig;ht beams are refincted in a prism 
10 structure employed in tiie present invention; 

Fig. 3 shows an illumination system arranged with arefiactive structure as 
shown in Fig. 2 and a reflective structure fox jnoviding light recycling in accordance with an 
enabodiment of the presoit invention; 

Fig. 4 shows an iUuminalion system accordu^ to Fig. 3, fiirflier arranged witii 
IS a Ug^difbsfaig element hi acc(ndance with an embodhnent of the present unrention; 

Fig. 5 diows am ilhiminations^tem according to Fig. 4, further arranged wi& ' 
a reflective polarizer and a polarization converting element in accordance with an 
embodiment of the present invention; 

Fig. 6 shows an illumination system according to Fig. 5, furlher arranged with 
20 a second light refractmg structure at Ihe entrance fiice of tiie light guide in accordance with an 
embodiment of the present invention; and 

Fig. 7 shows an iUumination system according to Fig. 5 bdng arranged wifli a 
plurality of qt^tures, wherem a lig^t source can be arranged in each aperture in accordance 
with an embodiment of flie present invention. 

25 

Fig. 1 shows a prior art optical system comprising a rod-type lig^t guide. A 
LED 101 is located at the entrance &ce of a Ug^t guide 102. The LED 101 emits U^t m all 
dhections, but the ligiht beams can be modeled as being comprised m one of two possible 
30 different angular mtervals 103, 105. Light beams of the first angular interval 1 03 are beams 
havmg a "large" angle wilh respect to the optical axis 104, and ligjit beams of the second 
angular interval 105 are beams having a "small" angle with resspect to the optical axis 104. 
The light beams pertaining to the second angular interval 105 will subsequently pass Ihe 
piq)il of the projection lens (not shown), while light beams of the first angular interval 103 
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will be blocked at fhe ptQ>il of the projection lens. The physical length of tiie rod-type light 
guide 102 is mainly set by the light beams of the second angular interval lOS. The length 
need to be long enough, such tibtat the light beams of die second angular interval lOS in 
light guide 102 will be reflected against the inner surface of the guide 102 a sufficient 
number of times to obtain a homogeneous illumination at tibe exit ftce of the light guide 104. 

Fig. 2 shows aprincipal diagram of the refraction of light beams in aprism 
stractuie 20S employed in the invention. The prism structure 205 is constracted such that 
light beam 202, which is comprised in the first angular interval, is refracted in the prism 
stractuie 205 and the resulting light beam 204 is adapted to the optical system in that it will 
pass the projection lens (not shown) later on in the system. Light beam 201, which is 
coniprised in the second angular interval, will be reflected in the prism stracture 205, 
resulting in light beam 203. 

Fig. 3 shows an illumination system 300 according to an embodiment of the 
present invention. A LED 3 01 is fitted, at the entrance face of a light guide 302, in an 
aperture of a lig^ reflective stracture in the fomi of a noinor 3 07. At tiie exit face of the light 
guide 302, a first refractive stracture, herein a film with a prism structure 306 (described with 
reference to Fig. 2), is arranged. The light beanos pertaining to the first angular interval 3 03 , 
i.e. light beams having a lar^ angle with resfpect to the optical axis 304, are refracted in the 
prism stracture 306 and will illuminate the exit ftce of the light guide 302. The ligiht beams 
pertaining to the second angular interval 305, i.e. ligfht beams having a small angle with 
respect to the optical axis 304, are reflected in the prism stracture 306 and will be transmitted 
in the direction of the mirror 307 at the entrance face of the li^t guide 302. The light beams 
reflected in the prism stracture 306 will incide on the mirror 307 and thus be reflected against 
the minor 307 and the sur&ce of flie LED 301 itself. These light beams will eventually reach 
the first angular interval 303 and thus be transmitted through the prism stracture 306. 

Fig. 4 shows the illumination system according to Fig. 3, fimher arranged with 
a light difiiising element 408 in accordance with an embodiment of the present invention. 
The li^t diffusing element 408 is arranged on the prism structure 406, but can be arranged 
virtually anywhere in the light guide 402 between the prism stracture 406 and the mirror 407 
to alter the angle of light beams incident on the diffusing element 408 with respect to the 
optical axis 404. The use of the ligjhit diffusing element 408 will have the effect that the angle 
of the light beams, with resfpect to the optical axis 404 of the illummation system 400, will be 
increased. The light beams of the second angular interval 405 will reach the first angular 



PHNL030826EPP 

7 11.07.2003 
interval 403 in a fewer number of round trips, which consequently will reduce the lengdi of 
tiie light guide 402. 

Fig. 5 shows tiie illumination system according to Fig. 4, further arranged wiUi 
a reflective polarizer 509 and apolarization converting element 510 in accordance with an 
5 embodonent of the present invention. The reflective polarizer 509 is arranged at the end fiice 
of die light guide 502 to transmit light beams of a first polarization mode and reflect light 
beams of a second polarization mode. The polarization converting element 510 is arranged on 
the mirror 507 to alter the polarization mode of light beams incident on die polarization 
converting element 510. The result of die embodunent m Fig. 5 is tiut the polarization 

10 converting element 510 will alter die polarization mode of die light beams reflected hi the 
reflective polarizer 509, such that diese light beams eventually will be transmitted tiirough 
die reflective polarizer 509. The polarization converting element 510 is preferably a so called 
A/4-flfan, but can also consist of a depolarizmg material, such as a strong buefinngent plastic 
material which is used m tiie prism structure 506 and die light difBising element 508. 

1^ Fig. 6 shows the illumination system according to Fig. 5, further arranged with 

a second light refiacting structure 61 1 in accordance with an embodiment of the present 
invention. The second light relGncting structure, being a second inism stractuie 611 , is 
arranged in the aperture of the minor 607. The angle of light beams refracted in the second 
prism stracture 611 wiU mcrease with respect to the (^tical axis 604 of the illumination 

20 system 600. Of all die light beainsmcidentm the light guide 602, some light beams 612 

would normally have been comprised in the second angular interval 605. However, widi the 
second prism stracture 61 1, diese U£^t beanut wiU iiurtead reach the £mt angular inters 
at an earty stage. Ibus, die size of the light guide 602 will be reduced. 

Fig. 7 shows an illuminaticm system according to Fig. 5, die system 700 bemg 

25 arranged widi a phnality of ^lertures, wherehi a Hght source 701 ', 701 701 is arranged 
in each aperture in accordance widi an embodiment of the present invention. Further, a 
dichroic coatmg 713', 713", 713'" adapted to die spectral properties of die respective li^t 
source 701 ', 701 ' ', 701 is arranged in each apertaxe. This embodiment has die advantage 
that die lig^ht beams having die spectral properties ad^ted to each dichroic coating 713 ', 

30 713", 713"' will pass the entrance iGace miiror 707, and light beams having oibet spectral 
properties is reflected. This allows multiple Ught sources 701 701 ", 701 "' conqiiising e.g. 
LEDs, lasers and gas discharge lamps of different colors to be coupled to the illumination 
system 700, fer exaniple one red LED, one green LED and one blue LED. 
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The illummation system according to the invention can also be used in other 
types of display systems where wave guides are applied, for example in direct view LCD 
systems, where it has the advantage that the light can be guided through a wave guide behind 
the LCD panel in a more optimal and efficient manner. Other display systems where the 
5 present invention can be used include dhect view display qrstems, in which light is coupled 
out of a wave guide by means of electro-mechanical moving parts. 

Even though the invention has been described with reference to specific 
exemplifying embodiments thereof many different alterations, modifications and the like 
will become apparent for tiiose skilled in the art The described embodiments are therefore 
10 not intended to linait the scope of the invention, as defined by the i^ended claims. 
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CLAIMS: 



An Ulumiiurtionqfstem (300) comprising a Ughtgdde (302^ 
entrance ftce, an exit &ce and an aperture in which a light source (301) can be arranged, the 
system being characterized in that it comgnises: 

a U0A reflective structure ^07) arranged in proximity to the light guide (302) 

5 entrance fece, the Kght reflective stnicture (307) being arranged with an q)erture in wW^^ 
light source (301) can be fitted; and 

a first Ug^t refiactive structure (306) arranged in proximity to the li^t guide 
(302) exit fece, in which first light refractive structure (306): 

at least a subset of light beams of a first angular interval (303) with respect to 

10 the optical axis (304) ofthe system (300) is reftacted to illuminate the light guide (302) exit 
&ce, and 

at least a subset of light beams of a second angular interval ^05) with respect 
to said optical axis (304) is reflected to be recycled in the guide (302). 

1^ 2. "nieilhmiination system (300) according to claim 1, further conq^^ 

a light difiRishig element (408) arranged between the light reflective structure 
(407) and the first Ug^ refiactive structure (406) to alter the angle of beams incident on 
said difiiismg element (408) widi respect to the optical axis (404). 

20 3- The illumination system (300, 400) according to claim 1 or 2, fiirther 

comprising: 

a reflective polarizer arranged (509) in proximity to Ihe light guide (502) exit 
fece to transmit Ught beams of a first polarization mode and reflect H^t beams of a second 
polarization mode. 



25 



4. The illuminatiQn system (300, 400) according to any one of claim 1-3, fiirther 

comprising: 
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a polarization converting element (510) arranged in tilie light guide (502) to 
alter the polarization mode of light beams incident on said polarization converting element 
(510). 

5 5. The illumination system (300, 400, 500) according to any one of tiie precedhig 

claims, fivther comprising: 

a second light refiacting staucture (61 1) arranged in proximity to the light 
guide (602) entrance face to in<»ease the angle of lig^t beams refiacted in said second light 
refracting structure (61 1) with respect to the optical axis (604). 

10 

6. The illumination system (300, 400, 500, 600) according to any one of the 
preceding claims, the light guide (702) having a plurality of apertures, wherein a ligiht source 
(701', 701", 701"') can be arranged in each i^>erture and a dichroic coating (713', 713", 
713'") adapted to tiie spectral properties of die respective light source (701 ', 701 ", 701'") is 

15 arranged in each aperture. 

7. The illummation system (300) according to any one of the iH«ceding claims, 
\«^ierein tiie light source (301) is a LED. 

20 8. The illumination system (300) according to any one of the preceding claims, 

wherein the light source (301) is a laser. 

9. The illumination system (300) according to any one of die preceding claims, 
wherein tiie light source (301) is a gas discharge lanq>. 

25 

10. A di^lay system conqnising the illumination system (300) according to any 
one of die preceding claims. 

11. A projection display system comprising die illumination system (300) 
30 according to any one of claims 1-9. 

12. A direct view IX3> system coinptismg the iUuiiiination system (300) 
according to any one of claims 1 -9. 
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ABSTRACT: 



The inesent invention lelates Id an illumination system (300) ccunprising a 
li£^t guide (302) having an entrance face, an exit ftce and an apertute in which a light souice 
(301) can be arranged, and a display system ccnnptising sudi an illumination system (300). 
The idea of the present invention is that various elements (306, 307) are ananged in ±e Ught 
S guide (302) to increase the tmgie of light beams incident in 1bo light guide (302) wilfa respect 
to the optical axis (304) of die system (300) and to create a homogeneous illumination at the 
exit fice of the Ug^ guide (302). The present invention is advantageous, since the claimed 
iUummation system (300) decreases tiie length of a given light guide (302), making the 
ilhunination system (300) smaller, lighter and more compact with even illumination and a 
10 high optical efficiency. 

Fig. 3. 
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